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Introduction

It is well known that mid-ocean ridge basalt (MORB) is dominated by incompatible-element-depleted normal tholeiite (N-
formed by up to 50% low-pressure fractional crystallization. Figure 3 shows that although variable fractional crystallization is important, much of the scatter at a given MgO contint can only be explained by differences in parental magma compositions as the result of (1) differences in extent and depth of melting or (2) compositional variation in the source region or both. In the following sections we evaluate the relative importance of these processes. [Forsyth, 1993] of these values. These models explicitly consider the geometry of the melting region, in which the FME^N would be less than FM^ x, depending on the style of mantle upwelling. However, NB91 obtains F values by directly comparing the observed MORB melts with model melts. As MORB melts represent the pooled, averaged, net product of complex polybaric melting regardless of the geometry of the melting region and the style of upwelling, the F values so derived are thus the true FMEAN. In addition, lava chemical systematics involving Ti and Na suggest that the FME^N calculated by NB91 is reasonable. As is found in lavas from the Mid-Atlantic Ridge at 26øS [Niu and Batiza, 199}] , the EPR axial lavas [Sinton et al., 1991 ] also show that TiO 2 is more incompatible than Na20 during melting (Figure 4a ). observed MORB chemical analyses be normalized to a common However, Figure 4b shows that for this to be true, the FMEAN MgO value of 8.0 wt % to correct for crustal-level fractionation must be greater than -16%. At F values below ~16%, Na20 effects [e.g., Klein and Langmuir, 1987] . We did so using the behaves more incompatibly than TiO 2, the opposite of what we algorithm of . The correction coefficients and the see here. Although the crossover in D values (Figure 4b ) may algorithm [e.g., are given in Table 3 . NB91 uses vary due to mantle source heterogeneity, the EPR MORB must Na 8 (i.e., Na20 wt % corrected to 8.0 wt % MgO) and Cas/A18 to be generated by > 10% melting. Our results are consistent with compute the extent of partial melting (F) and Si8/Fe 8 to obtain recent drill hole observations at Hess Deep, which indicate that the melting depth. We modified NB91 by incorporating more melting residues beneath the EPR are harzburgitic, not source is invalid for incompatible elements. Also, it is clear that the SE lavas are overenriched in incompatible elements and more enriched in highly incompatible elements (e.g., Nb and K) than in moderately to slightly incompatible ones, although, isotopically, the SE lavas represent the enriched component required for the melting-induced mixing (Figure 8 ). This indicates that the SE lavas reflect a source that has undergone additional incompatible element enrichment. In addition, the &viation of the SE group lavas from the spinel lherzolite melting path on some plots may be interpreted as melt mixing with significant melt contribution from garnet lherzolite. This is, however, not the case (see below).
Na20
A series of ratio-element variation diagrams magnifies the inconsistencies of the estimated extent of melting one would get from one plot to another if a uniform source were assumed •gure 9; the total range now is from 3% to >> 25%). [1993] showed that crustal-level fractionation is insufficient. O'Hara [1985] quantitatively showed that the extent of incompatible element enrichment may be controlled by the shape of the melting region. This effect is certainly functional in theory, but it cannot explain the occurrence of E-MORB which often coexists spatially with N-MORB along the EPR. Plank and Langrnuir [1992] 1ow-F melts originate in the depleted mantle, then they remain isotopically identical to N-MORB, which explains the incompatible element-isotope recoupling in the southern EPR (Figures 2 and 11 ). If these low-F melt veins/dikes invade sites containing already enriched mantle, then this will result in an excess enrichment (e.g., the SE group lavas in the Hump area); if the mantle from which the low-F melts are derived differs isotopically from the ambient MORB mantle, then the low-F melts will also inherit a distinct isotopic signature. Our global
•ta survey shows that depleted MORB mantle exhibits a large range of incompatible element ratios, even when isotopic •tios are similar, implying that !ow-F "metasomatic" melts derived from an isotopically "depleted" MORB source may be more important on a global scale than those from sources with a long-term history of enrichment in Rb, U, Th, and Nd. 6. We confirm that near-ridge seamount volcanism is an integral part of the melting system beneath the EPR. However, axial and seamount lavas have different melt-supply mechanisms: shear-induced vertical/subvertical melt migration and focusing for axial eruptions and tectonics/structure controlled magma pumping ("leaks") at off-axis seamounts.
